Purpose The clinical significance of serum hCG levels after ovulation triggering was studied previously with conflicting results. Our aim was to study the correlation of hCG levels on the day after ovulation triggering using recombinant hCG (r-hCG) with treatment outcome. Methods A prospective observational study of all fresh IVF/ICSI cycles in a single medical center, between January 2015 and June 2016, was performed. hCG serum levels were obtained 10-12 h following ovulation triggering with 250 mcg r-hCG. Clinical and laboratory outcome parameters were compared between cycles with serum hCG above and below median level. A multivariate regression analysis was performed in order to study the association between hCG levels and live birth rate, after controlling for confounders. Results Overall, 326 cycles were included. Median serum hCG level was 91.35 IU/L. hCG levels were lower as age and BMI were higher (p = 0.004, p < 0.001, respectively). The study groups did not differ with regard to clinical pregnancy rate (p = 0.14), live birth rate (p = 0.09), fertilization rate (p = 0.45), or metaphase II oocyte rate (p = 0.68). On multivariate regression analysis, hCG level was not associated with live birth (aOR 0.99, 95% CI 0.98-1.005), after controlling for patient's age and BMI. Conclusions hCG levels on the day after ovulation triggering with 250 mcg r-hCG are inversely correlated with patient age and BMI. However, they are not correlated with any clinical or laboratory outcome parameter. Therefore, testing for hCG levels after ovulation induction seems futile and cannot be recommended.
Introduction
For more than five decades, human chorionic gonadotropin (hCG) has been widely used for triggering the final stage of follicular maturation in IVF and in ovulation induction treatment cycles [1] . Due to its high degree of homology with luteinizing hormone (LH), hCG efficiently mimics the mid-cycle LH surge, inducing ovulation, resumption of meiosis in the oocyte, and formation of the corpus luteum. Furthermore, hCG plays a critical role in the complex process of implantation, contributing to the receptivity of the endometrium [2] . It has been therefore postulated that serum levels of hCG following ovulation triggering may be correlated with reproductive outcome [3] [4] [5] [6] .
The clinical significance of serum hCG levels after ovulation triggering has been studied previously in a very limited manner, and conflicting results have been obtained. Studies have been conducted in two time points: either on the morning after hCG administration (12-14 h after triggering), or on the time of oocyte retrieval (after 34-36 h). Adding further to the confusion, both the subcutaneous (SC) and intramuscular (IM) routes, as well as recombinant and urinary preparations in different doses, have been used. While Zhou et al. [3] have found that higher levels of hCG 12 h after IM urinary hCG (u-hCG) administration were associated with a higher clinical pregnancy rate, Shapiro et al. [7] failed to find such a correlation. In addition, Matorras et al. [5] studied hCG levels 36 h after SC recombinant hCG (r-hCG) triggering and also found that they were not associated with treatment outcome.
The hCG dose and route of administration, as well as body mass index (BMI), have been previously recognized as affecting serum hCG levels following ovulation triggering [8] [9] [10] [11] . High BMI was found to be correlated with lower post injection hCG serum concentrations [10, 12] , as well as lower hCG concentrations, in follicular fluid at the time of oocyte retrieval [13] .
Because of the limited and conflicting data available, the clinical significance of serum hCG levels post ovulation triggering and the way it is affected by the patients' BMI is currently unresolved. Since serum levels and bioavailability of hCG following ovulation triggering may be clinically relevant and have the potential to be personalized by individualization of the ovulatory dose as well as by supplemental dose adjustments, there is a definite interest in the subject. Our aim was to study the factors that influence hCG levels following ovulation triggering with special focus on BMI and the correlation between hCG serum levels on the day after ovulation triggering by r-hCG and clinical and laboratory outcome parameters.
Materials and methods
A prospective observational study of all IVF/ICSI cycles was conducted in a single university-affiliated medical center between January 2015 and June 2016. During that time, it was our standard policy to monitor our patients in the morning after ovulation triggering. Women were included in the study if they were under the age of 45 and underwent fresh IVF treatment with embryo transfer. Exclusion criteria included cycles using donor oocytes, preimplantation genetic diagnosis, banking or freeze-all cycles, dual triggering with hCG and gonadotropin-releasing hormone (GnRH) analogue, and triggering with doses other than 250 mcg r-hCG. Data were retrieved from the patients' medical records. The primary outcome measure was the live birth rate (LBR). Secondary outcomes included clinical pregnancy rate (CPR), defined as fetal cardiac activity on transvaginal sonography; number of oocytes retrieved; fertilization rate; metaphase II oocyte rate; and implantation rate. The institutional review board approved the study.
IVF protocols
Our IVF protocols have been previously described [14, 15] . Either the long GnRH agonist protocol with mid-luteal start, the short agonist, or the GnRH antagonist protocol was used. Controlled ovarian stimulation (COS) was performed using recombinant FSH (Gonal F, Merk Serono, Germany; or Puregon, MSD, USA) or highly purified urinary menopausal gonadotropins (Menopur, Ferring, Germany). Monitoring of follicular and endometrial growth and development consisted of serial transvaginal ultrasound scans and measurements of plasma estradiol (E2) and progesterone (P) levels. r-hCG (Ovitrelle 250 mcg, Merck-Serono) was administered when ≥ 2 follicles were 18 mm in diameter with serum E2 levels within the acceptable range for the number of mature follicles present. Transvaginal ultrasound-guided oocyte retrieval was performed 36 h after hCG administration under general anesthesia with a single-lumen 18 gauge needle.
After retrieval, oocytes were fertilized by either conventional insemination or intracytoplasmic sperm injection (ICSI), as indicated. Embryo transfer was performed 72 h after egg retrieval under ultrasound guidance. A single embryo transfer was preferred in young good prognosis patients, and up to four embryos could be transferred otherwise according to the guidelines of the Israeli Fertility Society. Luteal support was provided by vaginal P preparations (Utrogestan, Besins Iscovesco, France, Endometrin, Ferring, or Crinone, Merk-Serono) and oral E2 2 mg two times per day (Estrofem, Novo Nordisk).
Serum E2 and P were measured by means of the automated Elecsys Immunoanalyser (Roche Diagnostics, Mannheim, Germany). Intra-assay and inter-assay coefficients of variation were < 5 and < 10% for E2 and < 3 and < 5% for P, respectively. Serum hCG levels were measured using a commercial immunoassay test (hCG STAT, Fisher healthcare, USA). The detection limit of the test was 5 IU/L.
Statistical analysis
Statistical analysis was performed using SPSS software v23 (IBM, USA). Spearman's correlation coefficient test was used to study the correlation between hCG levels, age, and BMI. Clinical and laboratory outcome parameters were compared between cycles with hCG serum levels above and below median level. Continuous variables were compared using Student's t test. Categorical variables were compared using the chi-square test. A multivariate regression analysis was performed in order to study the association between hCG levels, CPR, and LBR, after controlling for confounders.
Using a preliminary analysis, we assumed that the LBR per transfer in women with low and high serum hCG levels would be 15 and 28%, respectively. Using these assumptions, together with a 5% alpha and using the chi-square test, we calculated that 156 subjects in each group would provide 80% power to detect a true, between-group difference of this size. Additional 7 patients were added to each group to preserve study power in the event of patient loss.
Results
During the study period, 326 treatment cycles met the inclusion criteria and had a valid serum hCG test available. Median serum hCG level was 91.35 IU/L (range 18-322 IU/L). The median age of the patients was 37 (range 22-44). Fresh embryo transfer was performed in 273 (83.7%) cycles. Of these, a single embryo was transferred in 26.1% of cycles, two embryos were transferred in 38.3% of cycles, three embryos were transferred in 17.8% of cycles, and four embryos were transferred in 1.5% of cycles.
Serum levels of hCG did not differ between women who did and did not become pregnant (90.8 ± 44.2 vs. 99.0 ± 43.9 IU/L; p = 0.20, respectively). Serum hCG levels were inversely correlated with patient's BMI (Spearman's test, r = − 0.50, p < 0.001) (Fig. 1) . Although statistically significant, the correlation between hCG levels and patient's age was weak (Spearman's test, r = − 0.15, p = 0.006). Compared to women with hCG levels above median level, women with hCG levels below median level were older (36.3 vs. 34.5 years, respectively, p = 0.004) and had a higher BMI (26.8 vs. 22.3, respectively, p < 0.001). They also had a slightly lower progesterone level on the day of ovulation triggering ( Table 1 ). The number of oocytes obtained, the rate of mature metaphase II (MII) oocytes, fertilization rate, pregnancy rate, and live birth rate did not differ between the study groups ( Table 2) .
On multivariate logistic regression analysis, hCG levels were not associated with CPR (adjusted OR 0.99, 95% CI 0.98-1.004, p = 0.28), or LBR (adjusted OR 0.99, 95% CI 0.98-1.005, p = 0.43), after controlling for patient's age, BMI, and infertility diagnosis ( Table 3) . As most cycles included a GnRH antagonist protocol (66.9% of cycles), we performed a post hoc analysis examining only these cycles. hCG levels were not associated with LBR (aOR 1.001, 95%
CI 0.99-1.01) or CPR (aOR 0.99, 95% CI 0.99-1.008), when analyzing only GnRH antagonist cycles, and adjusting for the above variables.
Discussion
The results of our study indicate that hCG levels on the day after ovulation triggering with 250 mcg of r-hCG are inversely correlated with patient's age and BMI, but have no correlation with any of the reproductive outcome variables that were studied.
Although hCG has been commercially available for more than 50 years, few studies have been performed to address dose optimization in female patients [6, [16] [17] [18] . While many studies in reproductive medicine have been carried out on hormone characteristics of the day of hCG administration, Bthe morning after^has been clearly neglected and studied in a very limited way. For example, it took many years and multiple studies with conflicting results, until the adverse effects of late follicular phase P elevation have been fully recognized [19] . Likewise, Bthe morning after^(or 12 h after triggering) should be further studied, as is an excellent time point to assess the ongoing effects of the ovulatory trigger. If clinically significant correlations between serum hCG levels on Bthe morning after^and reproductive outcome are found, additional doses of hCG might be given at this time point to optimize its serum levels. This is the reason why Bthe morning after^or 12 h following the hCG trigger was chosen in our study design. The clinical significance of hCG serum levels after ovulation triggering has been studied previously with inconsistent results. Zhou et al. [3] have found that higher levels of hCG 12 h after the administration of 10,000 IU of u-hCG were associated with a higher clinical pregnancy rate. Salha et al. [10] have demonstrated a significant association between serum hCG concentration 35-37 h after the IM administration of 5000 IU of u-hCG and the number of oocytes aspirated. In contrast, Wikland et al. [6] prospectively randomized patients to receive 5000 or 10,000 IU u-hCG SC or IM for ovulation triggering and found no difference in any of the reproductive outcome parameters studied irrespective of the dose or route of administration. Shapiro et al. [7] retrospectively evaluated the correlation between serum hCG levels 12-16 h after IM u-hCG administration and reproductive outcome, including the incidence of ovarian hyperstimulation syndrome (OHSS). They used an individualized approach in prescribing the ovulatory dose of hCG, using doses ranged from 2500 to 20,000 IU, depending on each patient's weight and OHSS risk. No significant relationships were observed between Data are presented as mean ± SD, or n (%) AMH anti-mullerian hormone, E2 estradiol, P progesterone [5] have found that hCG levels 36 h after the SC administration of 250 mcg of r-hCG were not associated with treatment outcome. It has been previously shown that there is a negative correlation between hCG levels and BMI, after ovulation triggering with urinary hCG [3, 9, 12, 20] and r-hCG [5] . In contrast, Stefanis et al. [21] measured serum hCG concentrations at 12 and 36 h following a SC injection of 5000 IU u-hCG in correlation to BMI in 149 patients undergoing IVF/ICSI. There was no correlation between BMI and hCG levels at 12 and 36 h following administration. In addition, no correlation was found between serum hCG levels and the number of oocytes retrieved or fertilized. While there are numerous reports suggesting an adverse effect of increased BMI on reproductive outcome [22, 23] , whether this effect is mediated through post triggering serum hCG levels has not been specifically investigated.
Higher BMI likely reflects higher volume of distribution, resulting in lower serum levels. Chan et al. [9] have demonstrated that 10,000 IM dosing of u-hCG provided better bioavailability than SC dosing, but bioavailability was significantly less in obese women than in non-obese women. Salha et al. [10] compared serum hCG levels at the time of oocyte retrieval following the IM administration of 5000 u-hCG in 50 normal (18) (19) (20) (21) (22) (23) (24) (25) Patients with a high BMI had a significantly lower mean serum hCG concentration compared with controls, as well as significantly fewer oocytes aspirated. They also demonstrated a significant decrease in the oocyte:follicle ratio compared with controls, and the fertilization rate and clinical pregnancy rate per cycle were also lower in patients with high BMI compared with those with normal BMI. It was suggested that high BMI is detrimental to IVF treatment outcome and has an important influence on the distribution and metabolism of hCG, although the relative roles of hCG levels and BMI in the outcome have not been clearly delineated.
In the majority of studies mentioned above, u-hCG preparations were used. Urinary hCG preparations were first available and were associated with a number of disadvantages, including an uncontrolled source, lack of purity, and increased batch-to-batch variation in activity that may affect clinical results [24, 25] . Furthermore, the low purity of urinary preparations restricted them mostly to IM injections. Recombinant hCG formulas have the advantage of high purity, resulting less adverse effects and no risk of disease transmission, and excellent batch-to-batch consistency compared to urinary hCG [26] . Subcutaneous self-administration of r-hCG became possible, thus increasing patients' convenience and compliance. Studies comparing doses of 500 and 250 mcg of r-hCG have found a similar number of oocytes and MII oocytes retrieved, but a higher number of fertilized oocytes and cleaved embryos with the higher dose [17, 18] . Overall, hormone dynamics following r-hCG administration have been rarely studied, and the available information is therefore fragmentary and incomplete [5] . With the growing use of r-hCG in clinical practice, there is a clear need for more such data.
Our results are in contrast with those reported by Zhou et al. [3] . In their study, hCG levels were obtained 12 h after ovulation triggering, and clinical pregnancy rate was significantly higher across increasing quartiles of hCG. This discrepancy may result from inherent differences in study design and patient population. In their study, Zhou et al. included a selected group of good prognosis patients, who were ≤ 35 years old, suffered from tubal factor infertility, had a normal ovarian reserve, and had ≥ 2 good-quality embryos available for transfer. In addition, 10,000 IU of IM urinary hCG were used rather than SC r-hCG. Nevertheless, taking into account the differences in the study populations and the overall limited size of both studies, the conflicting results simply call for more in-depth observations into Bthe morning after.Ĥ ow can the results of our study be explained? We hypothesize that beyond a certain threshold, even very low levels of serum hCG are sufficient to induce effective oocyte maturation and ovulation. Thus, higher serum levels do not improve treatment outcome. This is supported by a previous study in which hCG levels were obtained before oocyte retrieval after triggering with u-hCG. Low hCG levels (< 100 IU/L) were as effective as higher levels regarding the percentage of MII oocytes [27] . In our study, the lowest serum hCG level after which a pregnancy was achieved was 24.0 IU/L. Our cohort consists of relatively poor prognosis patients with a mean of 1.7 ± 2.4 previous failed attempts. According to the Israeli heath care system, poor prognosis patients have an almost unlimited access to IVF as long as embryos are available for transfer, irrespective of the number of previous failed cycles. This along with the high age range (22-44 years) explains the relatively low implantation rate, CPR, and LBR that we have observed.
Our study has several limitations. First is the relatively small sample size. The LBR per transfer was only 15.6%, considerably lower than we had assumed. Thus, we were underpowered to detect this difference (43% power). Second, we have included a heterogeneous group of patients with a wide range of indications for treatment, age groups, and past treatment histories. Nevertheless, by means of multivariate logistic regression analysis, we controlled for these baseline differences and the results failed to show a correlation between serum hCG levels and reproductive outcome. The strengths of the current study include the inclusion of women with a wide age range including those with advanced maternal age. Most studies have not included patients over the age of 40. Moreover, we also include live birth rates in our report, which are lacking from most previous studies.
In conclusion, hCG levels on the day after ovulation triggering with SC 250 mcg r-hCG are inversely correlated with patient age and BMI. However, they are not correlated with any substantial clinical or laboratory outcome parameter. From a clinical point of view, neither routine testing for serum hCG levels after ovulation triggering nor hCG supplementation based on the testing results can be recommended at the moment. The paucity of data on hormone characteristics following the ovulatory trigger highlights the need for more studies on this topic.
